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Objective: To present bacteriologic and clinical data on 67 patients from the island of Funen, Denmark, with Shewanella 
alga, a bacterium rarely seen in Scandinavia, isolated from ear swabs. Included in the study is an examination of the 
occurrence of S. alga in sea water around the island. 
Methods: Bacteriologic examination and antibiotic susceptibility testing of 67 clinical isolates, 11 sea-water isolates 
and two reference strains were conducted. Clinical information was obtained from the referring physicians. 
Results: During 6 months S. alga was isolated from 67 patients, in  33 cases in pure culture. !Seventy per cent of the 
patients were children between 3 and 15 years old who had clinical symptoms of acute or chronic otitis media. Previous 
ear disease was common (76%). Most of the cases (85%) occurred in August or September, and 47 of 55 patients reported 
contact with sea water shortly before symptoms developed. From seven of the patients, S. alga was isolated more than 
once. The species was also isolated from five of 10 bathing areas around the island of Funen. 
Conclusions: The patients were probably infected with S. a@a during sea-water bathing in the unusually warm 
summer of 1994. Infections with marine bacteria are possible in countries with a temperate climate; patients with 
previous ear disease are at special risk. 
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Shewanella putrcfaciens is an oxidase-positive, H2S- 
producing, Gram-negative rod, which over time has 
been placed in several genera, such as Aclzvomobacter, 
Pseudomonas and Alteromonas. Several authors have 
noticed two different biotypes of S. putrefaciens [l-31, 
one of them mainly isolated from human sources. In 
1990, Simidu et al. characterized it as a species and 
named it S. a k a  141. 
Until 1994 there were no descriptions ofinfections 
with S. putr$aciens/S. alga in Denmark, but in the 
County of Funen we saw an accumulation from clinical 
specimens of H2S-producing, oxidase-positive, strictly 
aerobic, Gram-negative bacilli in the hot summer of 
1994. Sixty-seven isolates were from ears. Although 
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oxidase-positive, Gram-negative bacteria from ear 
swabs are often considered as transient colonizers, tnany 
of our patients had clinical symptoms. The present 
investigation gives a bacteriologic description of 67 
isolates from ears and includes clinical information on 
signs and symptoms and relation to sea-water contact. 
Included in the study is an examination for Shewanella 
of sea water collected from beaches around Funen. 
MATERIALS AND METHODS 
Clinical specimens 
During a 6-month period (July to December, 1994), 
67 isolates of H2S-producing, oxidase-positive, Grani- 
negative rods were cultured from ear-swabs referred 
to the Department of Clinical Microbiology, Odense 
University Hospital. The department serves the County 
of Funen with a population of approximately half a 
million. Information on clinical diagnosis, treatment, 
exposure to sea water and locality of exposure was 
obtained from the referring physicians. 
Initially, the clinical specimens were cultured 
on 5% horse blood agar plate,$, modified Conradi- 
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Drigalski plates, anaerobically on chocolate agar plates 
containing vitamin K and cysteine and in a tube of 
semi-solid thioglycollate medium. 
Sea-water specimens 
Funen is an island of 2976 kni2 with many kilometers 
of beaches. In July 1994, surface water samples of 100 
mL were collected in sterile glass bottles from each of 
10 beaches around the island. 
Samples of 0.1 and 0.3 mL were inoculated on 
5% horse blood agar plates, on modified Conradi- 
Drigalsky plates and on nutrient-broth agar plates 
containing 7.5% NaCl. Filtration of 10 niL through 
0.45-pm-pore membrane filters was initially tried, but 
was abandoned as it resulted in confluent growth of 
Gram-negative rods with no possibility of selecting 
Shewanella species. 
Microbiology 
S. alga and S. putvefaciens are Gram-negative, non- 
fermentative rods characterized as shown in Table 1. 
The two strains differ, as S. a l p  grows at 42 "C but not 
at  4"C, produces acid from ribose, grows on plates 
containing 6% NaCl and exhibits hemolysis on sheep 
blood agar [5]. S. putvefciens, on the other hand, grows 
at 4 "C but not at 42 "C. It produces acid from arabinose 
(and sometimes maltose and saccharose), does not grow 
on plates containing 6% NaCl and exhibits no 
hemolysis on sheep blood agar [5]. 
From the sea-water samples and from the clinical 
specimens HzS-producing strains of oxidase-positive, 
Gram-negative rods were selected for further 
identification according to Table 1. All isolates were 
identified by standard methods [6], and biochemical 
tests were conducted as described by S~gaard et al. [7]. 
The type species of S. alga (IAM 14159) and S. 
putrefaciens (ATCC 8071) were included in the study. 
Antibiotic susceptibility 
All isolates were tested for susceptibility to a series of 
antibiotics, by a direct agar diffusion test with Neo- 
Sensitabs (antibiotic tablets) and semi-confluent growth 
on Danish standard horse blood agar [8]. Minimum 
inhibitory concentrations (MICs) of ampicillin, cefo- 
taxime, ciprofloxacin, gentamicin and tetracycline 
were determined for 22 isolates by the E-test method 
[9,101. 
Table 1 Biochemical characterization of 67 clinical and 11 sea-water isolates of aerobic, oxidase-positive, HZS-producing, 
Gram-negative bacilli 
Type strains 
Characteristics 
Clinical isolates Seawater isolates S. aka S. putrefcienr 
(ATCC 8071 N=h7 N=ll  (IAM 14159) 
Motility at 22 "C 
Growth 
at 4°C 
at 42°C 
on 6% NaCl agar 
Catalase production 
Reduction of nitrate (1% NaC1) 
Reduction of nitrite (1% NaC1) 
lndole (1% NaC1) 
Lysine decarboxylase 
Ornithine decarboxylase 
Arginine dihydrolase 
Hydrolysis of 
Urea 
Gelatine 
DNA 
Hemolysis of sheep blood 
Acid fronib 
Glucose 
Fructose 
Lactose 
Sucrose 
Maltose 
Mannitol 
67a 
0 
67 
67 
67 
67 
67 
0 
0 
67 
0 
0 
67 
67 
67 
51 
7 
0 
0 
0 
0 
11 
0 
1 0 
10 
11 
11 
10 
0 
0 
10 
0 
0 
11 
11 
10 
+ 
- 
+ 
+ 
+ 
+ 
- Arabmose 0 0 + 
Ribose 67 11 + + 
aNumber of positives. 'Within 21 days in Hugh and Leifson's medium. 'After 1-2 weeks. 
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RESULTS 
During 6 months, 67 isolates of oxidase-positive, 
Gram-negative and HzS-producing rods were found 
in ear-swabs. The specimens came from independently 
practicing otologists (50 cases), from general practi- 
tioners (eight cases) and from hospital departments of 
otorhinolaryngology (nine cases). The 67 patients had 
a median age of 8 years (range 2-69 years), and 70% 
were between 3 and 15 years of age (Figure 1). 
In 33 cases, S. alga was found in pure culture. In 
34 cases, concomitant growth of other microorganisms 
was found (Staphylococcus aureus (1 7 ) ,  enterobacteria 
(1 O), Vibrio alginolyticus (3), Acinetobacter species (3) ,  
Pseudomonas species (l), Streptococcus group A (l), 
Enterococcusfaecalis (l), peptostreptococci ( l) ,  coagulase- 
negative staphylococci (1) and corynebacteria (1)). 
As seen in Table 1, all 67 isolates from patients and 
10 of 11 sea-water isolates were classified as S. alga. We 
found some differences between the 78 (67+10+1) 
strains of S. alga and the type strain of S. putrefaciens 
which have not been previously described: the colonies 
of S. alga were more mucoid and thready; S. putrefaciens 
only reduced nitrate to nitrite, while S. aka also 
reduced nitrite; the hydrolysis of gelatine occurred after 
1-2 days with S. alga, but only after 2 weeks with 
S. putrefaciens; and S. putrefaciens was sensitive to 
polymyxin B, while S. alga was resistant. One sea-water 
isolate was characterized neither as our type strain of 
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S. putrefaciens nor as an S. alga strain. It  may belong to 
S. yutrefaciens of Owens DNA honiology group IV [ 1 1 J ,  
as it did not grow at 4 "C or at 4.2 "C, did not grow on 
plates containing 6% NaC1, did not decarboxylate 
ornithine, did not hemolyze sheep blood and produced 
acid from glucose, maltose and ribose. 
All isolates of S. aka were su:jceptible to cefotaxinie 
aztreonam, chloraniphenicol, ciprofloxacin, erythro- 
mycin, gentamicin, imipenem arid tetracycline. Most of 
the isolates were susceptible to mecillinam. All were 
resistant to sulfonamides, triniethoprim and polyniyxin 
B, while the susceptibility to ampicillin, amoxycillin + 
clavulanate and carbenicillin varied; most, however, 
were resistant. With the three last mentioned anti- 
biotics, a haze of small colonies was seen in the 
inhibition zone. 
The E test showed the following MICs: cefotaxinie 
(0.094-1.0 pg/mL, median 0.125), ciprofloxacin 
(0.064-0.25 pg/mL, median 0.125), gentaniicin (0.125 
-3.0 pg/mL, median 2.0), t'etracycline (0.38-2.0 
pg/mL, median 0.75) and ampiciillin (0.19-128 pg/mL, 
median 0.5). Here, too, small colonies were seen in the 
inhibition zone of ampicillin, except in the case of three 
strains. 
Most of the patients had symptoms of acute or 
chronic otitis (52%) or a non-specific aural discharge. 
A previous history of ear disease was common, as 
76% had a rupture or an intubation of the tympanic 
membrane (Table 2). Fifty-nin'e of 64 patients were 
\Jo. of patients 
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Figure 1 Age distribution of 67 patients with Shewanella alga isolated from ears. 
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Table 2 Clinical information on 67 patients with Shewanella aka isolated from ear swabs 
Clinical diagnosisa 
No. of 
positives/ 
total no.' 
No. with Treatment with 
S. a l p  in pure topical Surgical 
culture antibiotics treatment 
Acute otitis media 17/64 
(27%) 
Chronic otitis media 15/64 
(23%) 
External otitis 7/64 
(1 1%) 
(39%) 
Non-specific aural discharge 25/64 
Previous tympanic perforation 17/62 
(27%) 
Previous intubation 30/61 
(49%) 
16 
14 
6 
23 
17 
28 
"Patients may appear under more than one diagnosis. 
From three patients no clinical information was obtainable. 
treated with topical antibiotics, mainly eardrops contain- 
ing tetracycline and polymyxin B. Additional systemic 
antibiotics were given to 18 patients. In seven cases, 
S. alga was isolated more than once from the same 
patient. The time between the first and last isolation 
varied from 1 to 33 weeks. 
Four patients underwent minor surgery (poly- 
pectomy or tympanic intubation), and two patients 
were operated on at hospital. One of these hospitalized 
patients had suffered from bilateral ear discharge for 1 
year in spite of treatment with topical antibiotics. S. alga 
in pure culture was cultured from the right ear in the 
autumn of 1994. In December he was operated on 
for cholesteatoma and hearing loss on the right side, 
and S. alga and coagulase-negative staphylococci were 
isolated. He was treated with systemic gentamicin, and 
cloxacillin and topical antibiotics. The aural discharge, 
however, continued on the left side, and in January and 
again during an operation in June 1995 S. a!ga and S. 
aureus were isolated from the left ear. The second 
hospitalized patient was a young man with chronic 
otitis and cholesteatoma. For some months he had 
suffered from a persistent aural discharge and pain 
during swimming. In hospital, S. alga in pure culture 
was isolated from his left ear. Mastoidectomy and 
tympano- and myringoplastics were carried out and he 
was treated with ciprofloxacin and local antibiotics. 
The monthly occurrence of cases yielding S. alga 
showed an unequal distribution, with 57 of 67 (85%) 
cases occurring in August and September, seven cases 
in July and three cases in October. 
For 47 of 55 patients, information on recent 
contact with sea water could be obtained. Of  the 
remaining seven, two patients had only had contact 
with pool or natural fresh water, and five patients had 
not been swimming recently. In 23 of 25 cases where 
detailed information was available the exposure to sea 
water took place 1-5 days before the symptoms of ear 
infection developed. Eighteen of 25 patients from 
whom this information could be obtained had been 
diving. 
S. alga was isolated from five of 10 beaches around 
the island, including the beaches where some of the 
patients had been swimming. In the northern part of 
the island of Funen the count of S. alga was 30-1000 
CFU/mL sea water, and in the south 100 CFU/mL. 
The median temperature of the sea water around 
Funen, in July and August 1994 was 18.0"C in the 
north (1976-93: 16.0"C), 20.0"C in the south 
(1977-93: 17.2"C), 19.4"C in the west (1975-93: 
16.5"C) and 18.2"C in the east (1988-93: 17.1"C). 
The data in parentheses are the median water tempera- 
tures of previous years in July and August. The salinity 
of the waters around Funen varied between 15%0 and 
20%0 during the summer (data from the County 
Administration of Funen). 
DISCUSSION 
S. putvefaciens is often isolated from marine sources such 
as fish, red algae and sea water, but also from soil and 
spoiled dairy products [3,4,12,13]. Clinical infections 
in humans are rare, but in recent years cases of 
septicemia, meningitis, peritonitis and wound infection 
have been reported, mostly from countries with a 
warmer climate than that of Denmark [14-201. 
Probably, some of these infections have been due to the 
biotype now named S. alga [4]. 
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During 6 months we found 67 patients with 
Shewanella isolated from ear-swabs, an accumulation 
not seen before in our department. None of the 
patients was severely ill; they presented with acute otitis 
or aural discharge which required topical or systemic 
antibiotics. They were young and healthy but 
characterized by persistent ear symptoms. Nearly all 
new cases of infection appeared in July, August and 
September, and the age of the patients was striking. 
Only two were younger than 3 years old, and 48/67 
(70%) were between 3 and 15 years old. 
Several authors have noticed two different biotypes 
of Slzewanrlla and proposed that the one later 
characterized as S. alga was predominantly involved in 
clinical infections. Our study supports this theory, since 
all our clinical isolates were identified as S. alga. The 
reason for this difference in occurrence could well be 
the different characteristics of the strains. S. aka 
requires salt and grows at 42"C, in contrast to S. 
ptrefaciens, which grows without salt and at 4"C, but 
not at 42 "C. Colonies of S. alga are mucoid and thready 
and may easily adhere to foreign devices such as 
tympanostomy tubes. Furthermore, we find differences 
between the 78 isolates of S. a[qa and the type strain of 
S. putr$acicns not described before: colony morphology, 
the reduction of nitrate, the rate of gelatin hydrolysis 
and the susceptibility to polyniyxin B. However, the 
type strain of S. putv&riens, belonging to Owens DNA 
homology group I ,  is genetically atypical [ll] and the 
possibility exists that it is not phenotypically charac- 
teristic of the species. 
Ear infections with marine vibrios in patients 
exposed to sea water have been described in 1)ennrark 
[21]. Three of the patients in our study had 
I4hr io  a~qiiiolyticus cultured together with Slieivanella. 
Shrtvanclla is mostly isolated from marine enviroii- 
nients, and most of the patients had recent contact with 
sea water. As Slzciuanrlla was isolated from the coastal 
water around Funen during the same summer, a 
connection to sea-water exposure was probable. 
We do not know the reason for this accumulation 
of S. ulya isolates. The unusually warm suninier in 
Denillark in 1994 may have resulted in good growth 
conditions for this species, and the high temperature of 
the sea water made bathing especially attractive. The 
duration of w<iter contact, the presence of tynipano- 
stomy tubes (or underlying disease) and whether the 
person is diving or not inay be factors contributirig to 
the acquisition of ear infections with marine bacteria. 
Ear infections are often treated locally with 
eardrops containing tetracycline and polyniyxin B. 
Although S.  alga was resistent to polymyxin, the treat- 
ment seems appropriate, as all strains were susceptible 
to tetracycline. 
The present study indicates that oxidase-positive, 
Gram-negative rods other than vibrios and Pseudomonas 
aeruginosa may play a role in ear infections. Patients 
with previous ear disease seem to be predisposed to 
infection, and the diagnosis should be suspected in 
patients with recent contact with sea water. 
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